In order to obtain creditable data an applicable method to optimize parameters of the Langmuir probes and circuits in a stationary laboratory device is investigated and an experimental criterion of the probe dimension is developed. To obtain the electron temperature and density the Electron Energy Distribution Function (EEDF) approach with less computing time and more accurate results is applied, instead of the conventional slope approach. Moreover the influence of the vessel wall materials on the plasma density is discussed briefly, indicating that the dielectric wall is helpful to enhancing the electron density.
Introduction
Even though the diagnostic technique by Langmuir probe is as old as plasma physics[1>2], more research is still needed to explore its potential. New developments in both the theory and construction of probes have been achieved constantly. Many monographs and reviews have summarized the result^[^"^]. They have been widely applied in many experiments ['"11] . In spite of the simplicity of operation, it is very complicated to decipher the experimental data since most regimes and theories about probes are suitable only under the strictly defined conditions. Furthermore the size and profile of the probes or circuits can even affect the probe data significantly.
The main purpose of this work is to put forward a technical method for optimizing the probe diagnostic parameters rather than bring up a new regime or theory. By diagnosing the primary parameters of plasmas in a typical stationary laboratory device, results under different diagnostic conditions, such as probe dimensions and circuit sample resistances, are compared to find out the way to optimize the probe system parameters such as suitable resistance, probe dimensions and to choose an appropriate regime to obtain reliable experimental data. An experimental criterion is brought forward based on these results to judge whether the dimensions of the probe are optimal. The EEDF approach is used in our data processing to replace the con- The schematic diagram of the experimental system is shown in Fig. 1 . All experiments were carried out in a cylinder vacuum chamber, which consisted of three parts labelled as A, B and C in Fig. 1 with the same diameter of 20 cm. All these parts were made of stainless steal with ektexine covered by permanent magnet, connected with each other by seal rings. We placed the probed in Part B which could be replaced by a cylindrical vessel made of glass. The working gas was argon which was injected into the vacuum chamber from a valve in part A to reach the pressure we needed while the background pressure is 1O-2 Pa. A steel support frame inside part C fixed four tungsten filaments and connected to the DC power supply 1 through a flange. This power supply provided a 20 A current for the filaments. The DC power supply 2 produced an electric field between the filaments and the chamber wall.
ventional slope-fit methods['>3] according-to the profile Incandescent cathode discharge generated a plasma of I-V curves obtained in the experiments. The influin the vacuum chamber, with an electron density of ence of two wall materials upon the electron density is lo8 N lo9 cm-3, an electron temperature 4 eV and a also discussed.
Debye length of 0.7 mm. The bipolar magnetic field was produced in the area within 1 cm from the cham-2 Experimental setup ber surface.
Analysis of experimental results
Parameters such as the electron density, electron temperature, plasma potential, EEDF were measured by single Langmuir probes. In this study, probes of three different scales were used. Probe A was a cylindrical one of 100 mm in length and 6 mm in diameter. Probe B was also a cylindrical one of 10 mm in length and 6 mm in diameter. Probe C was a planar plate of 20 mm in diameter with only one side immersed in plasma. The axial direction of these probes was all along the axis of the vacuum chamber.
The 
Method of data processing
As the plasma pressure in this study is 0.1 Pa, 1 Pa and 10 Pa, all satisfy the condition of a low pressure collisionless approach, the plasma can be considered with a Maxwellian distribution. Based on the conditions and the probes in our study, a conventional collisionless thin sheath regime is the proper choice. The raw data from the probes are low-pass filtered before further processing. Then the plasma potential is given by the maximal point of dl/dV. EEDF could be presented by the second derivative of the probe current w.r.t. probe bias voltage according to Druyvesteyn equation[l31:
From Eq. (1) the electron temperature and electron density can both be deduced.
The second order low-pass filter parameters are iteratively optimized considering the specific experimental conditions, with effectiveness shown in Fig. 2 .
It is shown in Fig. 2 that the saturation region of the electron current in the I-V curves in our experiments is different from those with a more flat gradient as predicted in textbooks [4] . This means that the electron current increases with sheath thickness[l4I, even in the case of the planar probe which has been thought to have a definite saturation current and hence the clear knee tron temperature and using the intersecting point of the saturation region and transition region to get the saturation electron current, may cause considerable errors. Compared to the conventional method mentioned above, the EEDF approach has the advantages of a higher accuracy, less computing time and easily programming. Though the application of this approach requires a Maxwellian distribution which may restrict its application, however low-temperature non-magnetic plasmas in many laboratory apparatus can accommodate this distribution['3''].
As is shown in Fig. 3 the plasma diagnosed is of a Maxwellian distribution. Fig. 3(a) shows the second derivative of the probe current to probe bias and 
0
Those electrons reaching the probe should have a kinetic energy that satisfies
where V , and Vpe& are labelled in Fig. 3(a) . Since the opposite direction of the V axis in Fig. 3(a) characterizes the high energy part, here we get V , > Vpeak.
However, in Fig. 3(b) V , corresponds to zero so it is convenient for us to calculate Te directly from the maximum in EEDF as Eq. (3) indicates. The results of electron temperatures in this study do not change with the probe dimensions or circuit resistance.
Since the electron density Ne can be written as
From Eqs. (1) and (4), the electron density can be derived easily.
Optimization of probe system parameters
A typical probe diagnostic system consists of a Langmuir probe, an external circuit and a plasma generator. Since the plasmas in our device are stationary, their state could be considered as the same between multiple measurements under the same discharge condition [4] . Suppose that our diagnostics do not disturb the plasmas, that is to say, the probe dimensions are proper and the sample resistances are small enough, then repeating the diagnostic results of the same probe under different resistance values would be congruous. Also the statistical errors should be within a small range. provided that the external circuit is well designed. As far as we know, the plasma potential is a representative parameter of the discharge state and is easy to get as the voltage at the maximal d l / d V . Therefore, whether a probe disturbs the measured plasma itself can be decided by weighing the statistical errors of a series of plasma potentials versus different resistances.
A simple experimental criterion can be put forward. If only the sample resistance varies on the premise that it is much smaller than the plasma equivalent resistance and other parameters do not change, the statistical discrepancy of the measured plasma potentials is a good index to determine whether a probe is in an optimized dimension. This criterion is valuable especially in the diagnostics of unacquainted plasmas with unknown parameters even in a range. Moreover, it still works even in nonstationary plasmas as long as the time scale of the resistance variation is much shorter than that of plasma itself, when the circuit is designed soundly. In Table 1 and Table 2 the statistical discrepancies of the plasma potentials after 50 repeated measurements on the conditions of the steel chamber under a pressure of 0.1 Pa and of the glass chamber under a pressure of 10 Pa are given respectively, with the sample resistance varied from 10 to 200 Ohm. As is clearly shown in these tables, the results of probe A is much larger than those of B and C, and the results of probe B is the smallest among them in each specific condition. It is necessary to clarify that the results of these 50 measurements under the same conditions were acquired in a series of experiments that had not been carried out in a single turn. In fact after every ten discharges the wall and the probe were contaminated so that we had to clear them and then continued with exactly the same parameters as before. So the stable disturbance and system errors in this specific job may be ignored. Anyway 50 is not a large sampling number. Similar results were observed in other experiments thereafter.
Probe A is so large that it disturbs the plasma to be diagnosed and such a large collecting area tends to cause discharges between the probe and electrodes. So the data acquired by this probe are unreliable though it seemed that it was working in a good thin sheath regime. In view of the size of our apparatus, probe B appears somewhat large. However, from the analysis of the plasma potential, it can be seen that the results are of good accordance which means its perturbation to the measured plasmas can be negligible. The situation for Probe C is inbetween. Consequently, probe B is the best choice in this study. Then it is probe C. But probe A is the the last with dubious results, among the three.
On the other hand a small probe does not definitely mean a good one since the Debye length is determined by the plasma considered and a probe should work in a regime available. In addition, a probe should be big enough in dimensions to collect sufficient current to be detected.
b. Sample Resistances
The equivalent resistance of the plasmas in our study varied between 1500 and 2000 Ohm depending on specific conditions. If the sample resistances used varied from 10 to 200 Ohm their influence on plasmas can be omitted.. It is also shown in Fig. 4 that within the range of resistance values selected, the influence of the sample resistance is negligible in the case of probe B while the results of probes A or C varied somewhat more notably In general, in order to avoid disturbing the plasmas, the sample resistance values should be as small as they can [3] , whereas in view of the signal detection, an excessively small resistance can cause bad signal-to-noise performance. Accordingly comprehensive consideration is needed when selecting sample resistances to obtain credible data. It can be explained primarily due to the different boundary conditions and hence different sheath structures. Since glass is a kind of insulator, there is no free current in it so that electrons can accumulate on the wall leading to a negative potential which prevents the electrons from reaching the wall. In the case of steel, the confined magnetic field on the surface cannot avert all the electrons before they reach the wall. A negative leakage current in the stainless steel wall is detected in our study with a magnitude of several decadal microamperes, which means the loss of electrons on the wall. In addition to the electron density there exists scarcely other differences in the plasma potentials or equivalent resistance between the two wall materials. Further study is needed to analyse the detailed information of the potential distribution profile depending on a more precise spatial resolution.
Dielectric wall materials are inferior to metals in electromagnetic shielding, resistance to elevated temperatures, corrosion resistance and consistency of potential distribution. Despite these deficiencies preliminary re-sults from our experiments give us a hint that the dielectric wall can serve better to enhance the electron density than metal ones under certain conditions, especially in low temperature plasmas. 4 
Conclusions
In this study, typical collisionless laboratory plasmas were diagnosed in order to optimize the probe dimension and sample resistance in stationary devices. A convenient experimental criterion of the probe dimensions was presented, which is valuable in the diagnostics of unknown plasmas. The EEDF approach was applied when extracting electron temperatures and electron densities to get more accurate results in a calculating time shorter than the conventional way of slope fitting. In addition, the influence of the internal wall materials on the electron density was discussed, suggesting that under certain conditions dielectric materials serving as the vessel wall are helpful to enhancing the electron density.
